S. DEPARTMENT O 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 
Pv3002.1 



US. APPLICATION NO. (If faxywn. see 37 CFR L5) 

09/509433 



* FUJNG DATE 




TITLE OF INVENTION 

OPTICAL IRRADIATION DEVICE 



APPLICANT(S) FOR DO/EO/US 
The University of Bristol Intellectual Property Management Unit 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other infoi 
1- H This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

2. C3 This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. Q This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 



— sAmuumuun until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 
• I I A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 



A copy of the International Application as fried (35 U.S.C. 371(c)(2)) 
■ I I ^is transmitted herewith (required only if not transmitted by the International Bureau). 



b. HH has been transmitted by the International Bureau. 

c. LZ3 is not required, as the application was filed in the United States Receiving Office (RO/US). 
A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

7. B Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 

a. I I are transmitted herewith (required only if not transmitted by the International Bureau). 

b. Jfi have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired, 
d have not been made and will not be made. 

8. □ A translation of the amendments to the claims under PCT Article 1 9 (35 U.S.C. 37 1 (c)(3)). 
9- EH An oath or declaration of the inventors) (35 U.S.C. 371(c)(4)). 

10. □ 

A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371(c)(5)). 

Items 11. to 16. below concern document (s) or information included: 

U. □ An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

12. □ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 

13. □ A FIRST preliminary amendment 

. O A SECOND ot SUBSEQUENT preliminary amendment 

14. □ A substitute specification. 

15. □ A change of power of attorney and/or address letter. 

16. O Other items or information: 



(Transmittal Letter to the United States Designated Office (DOAJS)— Entry Into National Stage under 



430Rec'dPCT7PrO 2 4 MAR 



O9/5 09433 — L 


ITERNATIONAi, APPLICATION NO. 

PCT/GB98/02905 




[ ATTORNEY'S DOCKET NUMBER 

p^30o?_ i 


1 7. H The following fees are submitted: 






CALCULATIONS 


PTO USE ONLY 


BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5) ) : 

Neither international preliminary examination fee (37 CFR 1.482) 
nor international search fee (37 CFR 1.445(aX2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $970.00 

International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $840.00 

International preliminary examination fee (37 CFR 1.482) not paid to USPTO but 

international search fee (37 CFR 1 .445(a)(2)) paid to USPTO $760 00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

but all claims did not satisfy provisions of PCT Article 33(1 )-(4) $670 00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(l)-(4) $96 00 






ENTER APPROPRIATE BASIC FEE AMOUNT = 


$ 


840.00 




Surcharge of $130 
months from the 


.00 for furnishing the oath or declaration later than Q 20 Q 30 
larliest claimed priority date (37 CFR 1.492(e)). 


$ 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 








30 - 20 = 


10 


X S 18.00 


$ 


130.00 






5 -3 = 


2 


X $78.00 


$ 


156.00 




= JMULTIPLE DEPENDENT CLAIM(S) (if applicable) 


+ $260.00 






TOTAL OF ABOVE CALCULATIONS = 


$1 


,176.00 




S|duction of 1/2 for filing by small entity, if applicable. A Small Entity Statement 
finist also by filed (Note 37 CFR 1.9, 1.27, 1.28). 


$ 








SUBTOTAL = 


$1,176.00 




ppcessing fee of $130.00 for furnishing the English translation later than Q 20 Q 30 
hjonths from the earliest claimed priority date (37 CFR 1 .492(f)). + 


$ 




TOTAL NATIONAL FEF = 


Si 


I7fi.nn 




Fe? for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1). $40.00 per property + 


$ 




TOTAL FEES ENCLOSED - 


si. 


176.00 












Amount to be: 


$ 










charged 


s 



a 



A check in the amount of Si r T7fi nn 



to cover the above fees is enclosed 



Please charge my Deposit Account No. _ 
A duplicate copy of this sheet is enclosed. 
The Commissioner is hereby authori; 
overpayment to Deposit Account No. 



_ in the amount of $_ 



_ to cover the above fees. 



any additional fees which may be required, or credit any 
A duplicate copy of this sheet is enclosed. 




248-689-3500 20,124 

REGISTRATION NUMBER 



(Transmittal Letter to the United States Designated Office (DO/US) — Entry Into National Stage under 

35 U.S.C. 371— PTO 1390 [13-7}— page 2 of 2) 



09/509433 

430 Rec'd PCT/PTO 2 4 MAR 2000' 



OPTICAL IRRADIATION DEVICE 



TECHNICAL FIELD 

This invention relates to an optical irradiation device, 
especially a compact portable irradiation device suitable for 
use as a light polymerisation source. 

It has already been proposed to use light -emitting diodes LEDs 
in a hand held device to produce a focused beam of light to 
cure dental materials. Blue light at a peak wavelength of 
about 470nm is used to harden dental polymers which contain 
camphoroquinone as the photoinitator in a methacrylate 
polymerisation process. However, there is a problem in 
producing a sufficient level of irradiance even with a 
clustered array of LEDs , to cure the known dental polymers in 
the recommended time. At the lower levels of irradiance 
available generally below 300mW/sq.cm, longer curing times 
have to be allowed, which reduces the efficiency of the dental 
treatment delivered . 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide an optical 
irradiation device that employs LEDs , and thereby has the 
benefits of compactness, portability, ruggedness and long 
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life, but which also produces improved levels of irradiance at 
and above 300mW/sq.cm. 

According to a first aspect of the invention, LEDs are 
clustered in an irradiation device by forming shaped facets on 
adjacent LEDs which allow them to adjoin more closely than 
they would otherwise with conventional spherical outer 
surfaces as manufactured currently. 

According to a second aspect, the invention consists in a 
tapered light guide for an optical irradiation device, which 
light guide is tapered from its input end to its output end 
and has an intermediate region of minimum diameter in which a 
bend is formed. 

According to a third aspect, the invention consists in an 
optical irradiation device employing LEDs and incorporating a 
heat pipe to cool the LEDs. 

According to a fourth aspect, the invention consists in a heat 
pipe comprising inner and outer walls that extend 
longitudinally from one end of the heat pipe to the other and 
define an annular space therebetween containing a material 
that serves to absorb heat by a phase change, the annular 
space being divided by internal walls into a plurality of 
fluid flow channels that extend longitudinally between said 
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ends, some of said channels being adapted to conduct the 
liquid/vapour phase of said material from the hot end of the 
heat pipe to the cold end, and other channels being adapted to 
return said liquid phase from the cold end of the pipe to the 
hot end . 

According to a fifth aspect, the invention consists in an 
irradiation device employing LEDs and a tapered light guide to 
collect radiation emitted by the LEDs and deliver this to an 
output beam, wherein two or more tapered light guides are 
arranged in series so that successive guides receive radiation 
from preceding guides, and a group of LEDs is provided at the 
input end of each guide, each successive guide preferably 
being provided with a ring of LEDs around the output end of 
the preceding guide. 

The first aspect of the invention means that LEDs occupy more 
of the available space, and a fixed number produce a higher 
radiant intensity. Thus, smaller numbers of LEDs can be used 
to produce a desired level of irradiance, which in turn 
reduces the power required to drive the device and the heat 
generated by it. Furthermore, the device can be made more 
compact. Packing of the LEDs in this way may involve a slight 
reduction in the output of each LED, but the more effective 
packing density produces an overall increase in irradiance. 
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Typically, a central LED might have a polygonal outer surface, 
and a first ring of LEDs would be arranged around it, each 
with a flat face to abut a corresponding face of the central 
LED and possibly each having a pair of radiating side faces 
which abut adjacent LEDs in the first ring. Furthermore, a 
second or more rings of LEDs could be arranged concentrically 
with the first ring, each with respective adjacent flat side 
faces abutting one another and possibly with inwardly diverted 
faces abutting respective outwardly directed faces of the LEDs 
of the inner ring. Alternatively, a single ring or two or more 
concentric rings of LEDs could be used without a central LED. 

DESCRIPTION OF THE DRAWINGS 

The invention will now be described by way of example with' 
reference to the accompanying drawings, in which: 

Figure 1 is a schematic cross-section through a first 
embodiment of the invention comprising a cluster of hexagonal 
section LEDS; 

Figure 2 is a schematic cross-section through a second 
embodiment of the invention comprising a cluster of an inner 
group of LEDS and an outer ring of LEDS ; 
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Figure 3 is a schematic cross-section through a third 
embodiment of the invention comprising a cluster of two rings 
of LEDS; 

Figure 4 is a schematic side elevation of a fourth embodiment 
of the invention; 

Figure 5 is a schematic longitudinal section through a fifth 
embodiment of the invention; 

Figure 6 is a schematic longitudinal section through a sixth 
embodiment of the invention; 

Figure 7 is a schematic cross-section through a bundle of 
light guide fibres with modified sections; 

Figure 8 is a schematic side elevation of a tapered 
light-guide according to another embodiment of the invention; 
and 

Figure 9 is a schematic cross-section through a heat pipe 
according to the invention. 



MODE OF CARRYING OUT THE INVENTION 

In a typical optical irradiation device according to the 
invention, a plurality of LEDs are clustered together so as to 
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direct emitted radiation into a single beam. A cluster of 
LEDs 43 is shown in side view in Figure 4, and in plan view or 
cross-section in Figures 1 to 3 . Each LED comprises a 

light-emitting semiconductor Pn junction (not shown) which is 
encapsulated in an outer plastics envelope, the profile of 
which is shown in the drawings. The sides of the LED 

envelope are shaped to allow the LEDs to be clustered together 
more closely at their bases, thereby increasing the ratio of 
occupied to unoccupied space in the cluster of LEDs . The 
tips of the LEDs are substantially spherical and transmit the 
radiation to form the beam. 

In the embodiment of the invention illustrated in Figure 1 the 
outer envelope of the LEDs is hexagonal in cross-section, and 
the LEDs are clustered in the manner of a honeycomb as shown, 
with adjacent facets abutting one another. 

In the second embodiment of the invention illustrated in 
Figure 2, a central LED 21 of hexagonal cross-section has 
facets which abut adjacent facets of six LEDs 22 in a first 
ring of LEDs with radially extending side facets that allow 
adjacent LEDs in the ring to abut one another. A second ring 
of LEDs 23 is arranged around the first ring of LEDs, and 
these LEDs 23 have radially extending side facets that allow 
adjacent LEDs in the ring to abut one another. 
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In a third embodiment of the invention shown in Figure 3 , an 
inner ring of nine LEDs 31 in a first ring is contained within 
a second ring of LEDs 32, and radially extending side facets 
of the LEDs in both rings allow adjacent LEDs in each ring to 
abut one another. 

Both the second embodiment of Figure 2 and the third 
embodiment of Figure 3 may be modified by the addition of one 
or more further concentric rings of LEDs. Also, the 

circumferential facets of the LEDs of each ring may be shaped 
to abut similarly shaped circumferential facets of the 
adjacent ring of LEDs. 

In yet another embodiment, the central group of LEDs 21,22 of 
Figure 2 may be replaced by the same number of LEDs in a 
honeycomb cluster. Yet another embodiment may consist of the 
single ring of LEDs 31 shown in Figure 3. It will be 

appreciated in all three illustrated embodiments, the LEDs are 
mounted in a substantially flat plane. 

In modifying the conventional optical sphere shape of the 
outer plastics envelope of a LED care has to be taken to 
preserve as much as possible of the focusing effect of the 
envelope to maximise the total irradiance. However, because 
the envelope of existing LEDs have a tapered shape to assist 
their removal from the mould during manufacture, the shaped 
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side facets can be formed around the broader base of the LED 
to change its cross-section, for example to become hexagonal, 
but with these facets having a reducing effect on the shape of 
the envelope towards its tip where the focusing effect of the 
envelope is concentrated. Thus the invention can employ 
existing LEDs and modify their shape in a secondary 
manufacturing process, for example, using jigs, or the 
invention can employ LEDs which have been specially 
manufactured with the required outer envelope shape to 
accommodate better clustering. 

The shaped facets of the LEDs may be polished to enhance 
reflection and help reduce any loss of optical powers . 
Additionally, a reflective metallic film may be applied to the 
shaped facets to further enhance reflection. 

The LEDs may also incorporate a microlens or microlens array 
to aid collimation of the beam. 

The electrical connections of the LEDs, known as lead frames 
44, are connected to respective positive and negative power 
terminals or bus bars 42. Preferably, these terminals are 
adapted to serve the dual function of heat sinks to help 
remove heat generated by the LEDs 43. Thus, the terminals 
are formed of a good thermal conductor such as copper, and are 
located in the optimum location relative to the LEDs and the 
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external surfaces of the device. In one particular 

embodiment most suited to the LED array of Figure 3 , the 
terminals 42 take the form of two concentric rings, each lying 
adjacent to the bases of one ring of LEDs 31 or 32. 
Preferably, the negative terminal is the outer one because the 
negative lead frames 44 of the LEDs generally get hotter than 
the positive lead frames 44. 

The typical optical irradiation device according to the 
invention also preferably incorporates a tapered light guide, 
shown as guide 41 in Figure 4, to collect light emitted by the 
LEDs and deliver this as an output beam. It is known to use 
light guides with adiabatic optical tapers in optical 
irradiation devices so that there is total internal reflection 
of the light as it is conducted from the light source to the 
output. However, an advantage of the invention is that the 
more compact cross-section of the LED cluster means that the 
diameter at the input end of the light guide can be smaller, 
and thus a smaller angle of adiabatic taper (i.e. the ratio of 
the diameter of the input end to the output end of the light 
guide) can be provided in the light guide with the consequent 
more efficient transmission of radiant energy and increased 
illuminance. This improvement is most marked compared with a 
conventional approach of simply increasing the numbers of LEDs 
in a cluster at ever increasing diameters with decreasing 
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beneficial effect on illuminance and increasing detrimental 
effect on compactness, heat generation and cost. 

In another embodiment of the invention, illustrated in Figure 
6, two or more adiabatic tapered light guides 41 are arranged 
in series, each with a corresponding cluster of LEDs 43, but 
with successive clusters forming a ring around the end of one 
light guide as it connects to the next. Alternatively, each 
successive ring of LEDs 43 may be replaced by just one or a 
fewer number of LEDs. This arrangement allows the overall 
diameter of the device to be kept relatively small as the LED 
clusters 43 are arranged in groups along the length of the 
device . 

In the preferred embodiment of Figure 4, a single tapered 
light guide 41 is provided. If required, the light guide can 
be curved along its length, as shown in Figure 5, to direct 
the output beam to suit a particular application, this being a 
known practice with existing light guides. The light guide 
may be machined from cast acrylic plastic and bent, or could 
be made from glass or other optically transparent materials. 

An alternative light guide is illustrated in Figure 8 in which 
the bend in the light guide 41 is provided at a waisted 
section 46 in its length which reduces to a minimum diameter 
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before widening again to a larger diameter towards its output 
end. By forming the bend at the minimum diameter, the light 
transmission losses of the light guide caused by the bend are 
reduced, but the effective cross-sectional area of the output 
beam is maintained at the required level . 

Fused fibre-bundle light guides have the advantage of 
individual fibres being of a relatively small diameter so that 
they can be bent over a tighter radius without the greater 
losses associated with larger diameter fibres when bent over 
the same radius. However, conventional fused- fibre bundles 
have the disadvantage of a packing fraction loss, that is, the 
outer cladding of the fibre uses up a significant proportion 
of the cross-section of the light guide into which light from 
the semiconductor array is directed, thus reducing the amount 
of transmitted radiation available from the semiconductor 
source. Preferably, therefore, in one embodiment of the 

invention, illustrated in Figure 7, the guide comprises a few 
shaped fibres 61 placed adjacent to each other and fused 
together. A guide of this design is manufactured by 

MicroQuartz Sciences Inc. of Phoenix, Arizona, USA. In this 

way, the diameter of each fibre is smaller than a single 
homogeneous guide rod so that they allow greater light 
transmission on bending around the same bend radius, but also 
the packing fraction is also greatly reduced over conventional 
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fibre guides, resulting in a greater than 90% core 
availability at the input end of the guide. 

In another embodiment of the invention, a graded-index 
optical light guide is used. A graded-index light guide has 
no sudden interface between the cladding and the core. 
Instead, the refractive index varies either radially or 
axially. In one embodiment, the gradient of the refractive 
index of the light guide varies both radially and axially so 
that the light energy is favourably manipulated. A guide 

that uses a stepped index could also be used with the same 
axial and radial variation in refractive index. In this way, 
the numeric aperture can be varied at either end of the guide 
to achieve the desired transmission. 

In other embodiments of the invention, instead of providing a 
single tapered light guide, each LED or groups of LEDs could 
be provided with its own light guide fibre incorporating an 
adiabatic optical taper, and the output ends of these fibres 
could be collected together to form a single output beam. The 
input end of the fibre would be moulded optically to the 
adjacent LED or group of LEDs for efficient transmission of 
radiation. In this way, the diodes can be spaced more widely 
to dissipate unwanted heat. In yet another embodiment of the 
invention, each LED could be adjusted so that its outer 
envelope is extended into a fibre light guide which 
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incorporates an adiabatic optical taper . In yet another 

embodiment, the section of the fibres may be modified so that 
shaped faces of the fibres fit together to reduce the 
interstitial space. One embodiment of this design could be 
as shown in Figure 7 . 

The light guide or light guides used according to the 
invention may be formed with an outer metallic coating to 
improve its performance. 

It will be appreciated that the irradiance of the device 
according to the invention can be varied by varying the input 
power, number of LEDs, or by varying the adiabatic taper of 
the light guide. 

Cooling of the LED cluster can be aided according to another 
feature of the invention by arranging that the electrical 
connections of each LED are thermally connected to one or more 
heat pipes . Conventional LED irradiation devices usually 
include a heat sink to conduct away the heat from the LED 
chips . Heat sinks are generally slow and inefficient in 
conducting heat away from a heat source compared with heat 
pipes . Heat pipes conduct heat away rapidly by using the 

latent heat of a substance, such as water, which is vaporised 
by the heat from the source. The vapour moves at high speed 
to the cooler end of the heat pipe and condenses . Heat pipes 
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are unique in their ability to conduct heat rapidly in this 
way. 

Figure 5 shows a device according to the invention which 
incorporates a heat pipe 45 as a single lumen in the main body 
46 of the device. The hotter of the LED leads is preferably 

placed nearer the heat pipe 45 or outer case 47 of the LED 
cluster so that the heat path of the hotter lead is shorter. 
A thermal connector 48 may be provided between the LEDs 43 and 
the end of the heat pipe 45. If required, additional forced 
cooling means may be used for example, a fan 49 or Peltier 
device 50 in juxtaposition to the pipe. In addition, a heat 
sink 51 may be provided. 

Because of the greater cooling ability of heat pipes, they 
allow the LEDs to be driven in such a manner as to produce 
more radiation, and thus allows a more powerful device to be 
manuf ac tur ed . 

For portable use, the LEDs are operated from batteries 52, 
which are located in a hand grip 53 attached to the body 46, 
in Figure 5. However, the heat pipe design can be modified 
as shown in Figure 9 to accommodate batteries . The heat 

pipe consists of two concentric heat conducting tubes 55,56 
with a folded interstitial heat conduction element 57 between 
these tubes similar in appearance to a length of corrugated 
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sheet rolled into a tube. This lies within the concentric 
tubes. The wicks 58 of the heat pipe can then be placed in 
alternative grooves in the corrugated sheet, while the empty 
grooves 59 allow for the rapid movement of the vapour formed 
at the warmer end of the heat pipe. 

By designing the heat pipe in this way batteries, capacitors, 
supercapacitors or other energy source 60 can be located 
within the inner wall 55 of the heat pipe. 

In some embodiments, for example, where there are a large 
number of LEDs, a heat sink 51 may be necessary in addition to 
the heat pipe 45. The intermittent use of an LED irridation 
device for dental curing, means that with careful design, a 
heat sink may be omitted. If cooling to below the ambient 
temperature is required, such as may be the case in extreme 
environments, a Peltier device 5 0 may be added to the heat 
pipe, although a Peltier device will result in a greater 
consumption of power and a requirement for greater heat 
dissipation. 



The wavelengths of the LED used will depend upon the 
applications of the device. A LED emitting blue light with a 
peak wavelength of about 47 0mm is used to harden dental 
polymers, but a LED emitting red light may be useful for 
photodynamic therapy, for example, cancer therapy. 
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The wavelength of light emitted by the LEDs may be modified in 
a light guide by doping the material from which it is composed 
with fluorescent material. This can serve to lengthen the 
wavelength of the emitted light so as to suit the particular 
application. 

The choice of LED is also important in terms of its 
construction, diameter, irradiance and light angular spread 
pattern, From a range of known LEDs the best available 

choice has been determined as that with a 3mm diameter rather 
than a 5mm diameter and an angular spread of 3 0 degrees rather 
than 15 or 45 degrees. Nichia is the manufacturer of these 
LEDs . 

It will be appreciated that the term "light -emit ting 
diode-LED" as used herein also includes laser diodes. 

LEDs in the devices according to the invention may be operated 
in a pulsed mode or modulated mode to vary the output 
radiation intensity to suit the application, and multiple 
clusters of LEDs, such as in the embodiment of Figure 6, may 
each be generated in a different mode. 

The power supply for the LEDs of the device according to the 
invention could be mains power, battery power, capacitor, 
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supercapacitor, solar power, clockwork generator or generator 
powered by the mechanical effort of the operator or assistant. 

In one embodiment, a capacitor or super capacitor could be used 
to power the array having advantages over conventional 
rechargeable sources such as batteries . Capacitors can be 
virtually instantaneously recharged between one or more curing 
cycles of operation when the unit is connected to a power 
source . 

The power supply for the device may be re-chargeable, and may 
be designed to make automatic electrical contact with the 
charging means of a base unit when engaged with the latter in 
the manner of a cordless telephone handset. 
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CLAIMS 

1. An optical irradiation device comprising an array of light-emitting diodes (LEDs) 
clustered so that radiation they emit is directed into a beam characterised in that each LED 
is formed with multiple facets such that the facets of adjacent LEDs adjoin one another in 
close proximity throughout their length. 

2. A device as claimed in claim 1 in which the facets of adjacent LEDs extend 
substantially parallel to one another. 



3. A device as claimed in claim 1 in which the facets of adjacent LEDs abut 
another. 



4. A device as claimed in claim 1 in which LEDs are arranged in a ring with side 
facets of adjacent LEDs adjoining one another. 

5. A device as claimed in claim 4 in which LEDs are arranged in concentric rings with 
side facets of adjacent LEDs in each ring adjoining one another. 

6. A device as claimed in claim 5 in which the LEDs of adjacent rings have radially 
directed facets adjoining one another. 

7. A device as claimed in claim 4 in which a single LED is located within said ring or 
innermost concentric ring. 
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8. A device as claimed in claim 7 in which said single LED has radially directed facets 
that adjoining facets of the LEDs in said ring or innermost concentric ring. 

9. A device as claimed in claim 1 in which the LEDs are regular polygons in 
cross-section. 



A device as claimed in claim 9 in which the LEDs are hexagonal in cross-section. 



A device as claimed in claim 1 in which the facets of the LEDs are polished. 



12. A device as claimed in claim 1 in which the facets of the LEDs are provided with a 
reflective coating. 



A diode adapted for use in an optical irradiation device as claimed in claim 1 . 



14. A device as claimed in claim 1, including a light guide for collecting light from the 
cluster of light emitting diodes. 



15. A device as claimed in claim 1, wherein a light guide is provided for each light 
emitting diode in the cluster. 
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16. A device as claimed in claim 1 including a light guide for collecting light from the 
cluster of LEDs, the light guide having an index that varies from one part to another so as 
to manipulate the light. 

17. A device as claimed in claim 1 including a light guide that consists of a few fibres 
formed individually before being bundled together. 

18. A device as claimed in claim 1 including a light guide consisting of shaped fibres 
packed together so that the packing fraction is reduced. 

19. An irradiation device employing LEDs and a tapered light guide to collect radiation 
emitted by the LEDs and deliver this to an output beam, characterised in that two or more 
tapered light guides are arranged in series so that successive guides receive radiation from 
preceding guides, and an LED or group of LEDs is provided at the input end of each guide. 

20. A device as claimed in claim 20 in which each successive guide is provided with a 
ring of LEDs around the output end of the preceding guide. 

21. A device as claimed in claim 1 in which the heat is removed from the LEDs by a 
heat pipe. 
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22. A device as claimed in claim 21 in which a plurality of heat pipes is used to transfer 
heat from the LEDs. 

23. A device as claimed in claim 21 in which an annular heat pipe is sued so that it can 
contain energy storage means. 

24. A device as claimed in claim 1, including a Peltier device to cool the LEDs. 

25. A device as claimed in claim 1 having a pistol grip to contain energy storage means. 

26. A device as claimed in claim 1, including a capacitor or supercapacitor to power the 
device. 

27. An optical irradiation device comprising a plurality of LEDs and a heat pipe to cool 
the LEDs. 

28. A hand-held device for curing dental materials including an optical irradiation 
device as claimed in claim 1 . 



29. A heat pipe comprising inner and outer walls that extend longitudinally from one 
end of the heat pipe to the other and define an annular space therebetween containing a 
material that serves to absorb heat by a phase change, the annular space being divided by 
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internal walls into a plurality of fluid flow channels that extend longitudinally between said 
ends, some of said channels being adapted to conduct the liquid/vapour phase of said 
material from the hot end of the heat pipe to the cold end, and other channels being adapted 
to return said liquid phase from the cold end of the pipe to the hot end. 

30. A tapered light guide for an optical irradiation device, which light guide is tapered 
from its input end to its output end and has an intermediate region of minimum diameter in 
which a bend is formed. 
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(FIGURE 4) 



ABSTRACT 



OPTICAL IRRADIATION DEVICE 



An optical irradiation device incorporating a cluster of LEDs (11, 43) arranged so that shaped 
facets of adjacent LEDs come together to increase the packing density of LEDs in the cluster. 
A light guide (41) collects light emitted by the LEDs. Two or more light guides (41) and 
LED clusters (43) may be arranged in series to produce a single light beam. A heat pipe (45) 
is provided to conduct heat away from the LEDs (43). The heat pipe (56) may be annular and 
contain an inner storage space for batteries (60) or the like. 
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COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, 
DIVISIONAL, CONTINUATION OR CIP) 

As a below named inventor, I hereby declare that: 

TYPE OF DECLARATION 

This declaration is of the following type: (check one applicable item below) 

X original 

design 

supplemental 

NOTE: If the declaration is for an international Application being filed as a divisional, continuation or 

continuation-in-part application do not check next item; check appropriate one of last three items. 

national stage of PCT 

NOTE: If one of the follow 3 items apply, then complete and also attach ADDED PAGES FOR 

DIVISIONAL, CONTINUATION OR CIP. 

divisional 

continuation 

continuation-in-part (CIP) 

INVENTORSHIP D3ENTIFICATION 

WARNING: If the inventors are each not the inventors of all the claims an explanation of the facts, including 
the ownership of all the claims at the time the last claimed invention was made, should be 
submitted. 

My residence, post office address and citizenship are as stated below next to my name, I believe I am the original, 
first and sole inventor (if only one name is listed below) or an original, frrst and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 



OPTICAL IRRADIATION DEVICE 



SPECIFICATION IDENTIFICATION 

the specification of which: (complete (a), (b) or (c)) 

(a) is attached hereto. 

(b) _JL was flled on V?4/2000 as Serial No. 09/509 ,43 3>r Express Mail No., as 

Serial No. not yet known and was amended on (if applicable). 
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NOTE: Amendments filed after the original papers are deposited with the PTO which contain new matter are not 
accorded a filing date by being referred to in the declaration. Accordingly, the amendments involved are those filed 
with the application papers or, in the case of a supplemental declaration, are those amendments claiming matter not 
encompassed in the original statement of invention or claims. See 37 CFR 1 .67. 

(c) _X was described and claimed in PCT International Application No . PCT/GB98/Q2905 flled Qn 
9/25/98 and as amended under PCT Article 19 on (if any). 

ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information 

__X_ which is material to the examination of this application in accordance with Title 37, Code of Federal 
Regulations. § 1.56. 

(also check the following items, if desired) 

_X — and which is material to the examination of this application, namely, information where there is a 

substantial likelihood that a reasonable examiner would consider it important in deciding whether 
to allow the application to issue as a patent, and 

In compliance with this duty there is attached an information disclosure statement 37 CFR 1 .97. 

PRIORITY CLAIM 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19 of any foreign application(s) for 
patent or inventor's certificate or of any PCT international application(s) designating at least one country other than 
the United States of America listed below and have also identified below any foreign application(s) for patent or 
inventor's certificate or any PCT international application(s) designating at least one country other than the United 
States of America filed by me on the same subject matter having a filing date before that of the application(s) of 
which priority is claimed. 



(d) no such applications have been filed. 

(e) X such applications have been filed as follows 



(complete (d) or (e)) 



NOTE: Where item (c) is entered above and the International Application which designated the U.S. claimed 
priority check item (e), enter the details below and make the priority claim. 

A. PRIOR FOREIGN/PCT APPLICATION(S), IF ANY FILED WITHIN 12 MONTHS 

(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION AND ANY PRIORITY 
CLAIMS UNDER 35 U.S.C. § 119 



APPLICATION 
NUMBER 



DATE OF FILING 
(day, month, year) 



PRIORITY CLAIM 
UNDER 35 USC 119 
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CHECK PROPER BOX(ES) FOR ANY OF THE FOLLOWING ADDED 

PAGE(S) WHICH FORM A PART OF THIS DECLARATION 



Signature for fifth and subsequent joint inventors. Number of pages added 

Signature by administrator(trix), executor(trix) or legal representative for deceased or incapacitated 
inventor. Number of pages added 

Signature for inventor who refuses to sign or cannot be reached by person authorized under 37 CFR 1 .47. 
Number of pages 
added 



Added pages to combined declaration and power of attorney for divisional, continuation, or continuation-ii 
part (CIP) application. 

_Number of pages added _ 



Authorization of attorney(s) to accept and follow instructions from representative. 



If no further pages form a part of this Declaration then end this Declaration with this page 
and check the following item 

X This declaration ends with this page. 



(Declaration and Power of Attorney — page 5 of 5) 



DECLARATION 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 

SIGNATURE(S) 



v 



e of sole or first inventor 



-Robin 



Walter 



(Given Name) (Middle Initial or 
Inventor's signature yf 



Family (or Last) Name 



Date / {*f A^OtiC StyQO Country of Citizenship United Kingdom 



y 



Post Office Address 



Wiltshire SNIP 5 AX 



United Kingdom 



Full n 



e of second joint inventor, if any 



y 



Klaus 



(Middle Initial or Name) 



(Given Name) 
Inventor's signature J 

Date V~ £f ^hP Country of Citizenship _ 



Family (or Last) Name 



Residence 



21 Cranmoor Green 



Post Office Address 



Bristol BS3 5 4QF 



United Kingdom 



Full name of third joint inventor, if any 

(Given Name) (Middle Initial or Name) Family (or Last) Name 

Inventor's signature 

Date Country of Citizenship 

Residence 

Post Office Address 
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ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



POWER OF ATTORNEY 



As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith. (List name and 
registration number) 



E.J. Biskup 




R.C. Collins 


_27 2 43Q_ 


PJ. Ethington 


17,299 


J.C. Evans 




R.L Fairis 


-"557122" 


W.H. Francis 




F.J. Fodale 


20,824 


W.H. Griffith 




A.M. Grove 




R.W. Hoffman 


337114_ 



E.T. Jones 


40,037 


J.F. Learman 


J/7,069 


J.K. McCulloch 


17A51 


J.P. Moran 


20,941 


S.L. Permut 


^2g38&T 


M.J. Schmidt 


43 2 904_ 


W.J. Schramm 


24/795_ 


R.L. Stearns 


36,931- 


J.D. Stevens 




W.J. Waugaman 


J0 JL 3fi4^ 


C.R. White 


20^494_ 



SEND CORRESPONDENCE TO John C. Evans DIRECT TELEPHONE CALLS TO: 
(Name and telephone number) 

John C. Evans John C. Evans 

Raising, Ethingto n, Barn es, (248) 689-3500 

ja sselle. Learman & McCulloch, P .C. 
P.O. Bo x 4390 
Troy, MI 48099-4390 
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